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1. Introduction
In RAN#97-e, WID for the R18 NR sidelink evolution project was revised [1], but the objective for SL-U was not affected. On the progress for physical channel structure in SL-U, the following agreements were reached in the last RAN1#110 meeting [2].
	Agreement
For PSCCH and PSSCH in SL-U:
· Both R16/R17 NR SL contiguous RB-based and interlace RB-based transmissions similar to R16 NR-U are supported

Agreement
For PSCCH and PSSCH in SL-U:
· For interlace RB-based transmission
· Frequency domain resource allocation granularity is one sub-channel for PSSCH transmission
· 1 sub-channel equals K interlace
· FFS: whether K is fixed as 1 or (pre-)configured
· Discuss whether one or both of the following alternatives are supported
· Alt 1: 1 sub-channel is confined within 1 RB set
· Alt 2: 1 sub-channel spans 1 or multiple RB set(s) belonging to a resource pool

Agreement
To meet OCB and PSD requirement for PSFCH transmission, at least RB-based interlace is supported at least for 15 kHz and 30 kHz SCS, FFS details.

Agreement
If RAN1 decides that LBT is performed for S-SSB transmission, in addition to the S-SSB occasions in R16/R17 NR SL design, support additional candidate S-SSB occasions
· FFS the number and locations of additional candidate S-SSB occasions
· FFS when a UE transmits S-SSB on such additional candidate S-SSB occasions, and the related Rx UE’s behavior

Agreement
Regarding PSFCH transmission, at least the followings alternatives can be further studied 
· Alt 1: each PSFCH transmission occupies a common interlace and zero or one or more dedicated PRB(s)
· Alt 2: each PSFCH transmission occupies an interlace, and may or may not further apply code domain enhancement (e.g., OCC, PRB-level cyclic shifts)
· Alt 3: each PSFCH transmission occupies some dedicated PRBs and some common PRBs
· FFS details of above alternatives

Agreement
If RAN1 decides that LBT is performed for PSFCH transmission, for the time and frequency domain locations of PSFCH resources, at least the followings alternatives can be further studied
· Alt 1: PSFCH resources are (pre-)configured
· Alt 2: PSFCH resources are dynamically indicated
· Combination of above alternatives are not precluded 
· FFS details of above alternatives

Agreement
For S-SSB and synchronization in SL-U: 
· No changes on R16 NR SL S-PSS/S-SSS sequence generation
· Continue studying the 4 options from the previous agreement and whether/how temporary exemption of OCB requirement is applicable for S-SSB transmission, e.g., how to meet the minimum of 2 MHz requirement under 15 kHz SCS

Agreement
For PSCCH and PSSCH resource indication in time/frequency domain:
· For time domain: R16 NR SL TRIV is reused as baseline
· For frequency domain: 
· further study sub-channel indexing and resource indication 
· FFS: whether any enhancement needed on R16 NR SL TRIV/FRIV if new feature is introduced in SL-U, e.g., multi-slot consecutive transmission



In this contribution, we will provide discussions and our views on the following technical topics:
· SL resource pool configuration in unlicensed channels
· Resource pool configuration with RB set(s)
· Resource pool configuration with S-SSB slots exclusion
· Resource pool configuration with bitmap indication
· Physical structure of SL in unlicensed channels
· Interlaced RB based channel structure 
· Contiguous RB based channel structure 
· PSFCH structure
· S-SSB structure
· Channel structure for 60kHz SCS 
· Multiple starting position within a slot
· PHY procedures
· Effects of LBT failure on PSCCH/PSSCH/ PSFCH/S-SSB transmission
· CBR / CR measurements for congestion control in unlicensed channels

2. Discussion
2.1 NR sidelink resource pool configuration in unlicensed channels 
2.1.1 Resource pool configuration with RB set(s)
In RAN1#109-e meeting, it was agreed to support at least one SL resource pool can be (pre-)configured to include integer number of RB sets. In RAN1#110 meeting, one remaining issue was discussed about SL resource pool including partial IRBs of one RB set. When the carrier bandwidth is 20MHz which includes only one RB set, configuring only one SL resource pool on the 20MHz cannot efficiently utilize the frequency band resources. Since it is agreed to support IRB structure, it would be flexible to configure multiple SL resource pools mapping with different IRBs within one RB set. On the other hand, if the SL BWP contains only one RB set (20MHz BW) while FDM among resource pools is not supported, multiple resource pools have to be configured TDM on the SL BWP, which leads to SL-U UEs at a disadvantage on occupying the channel continuously in COT sharing case. Furthermore, it can be further studied on how to mapping different IRBs to the resource pools, e.g., continuous or non-continuous IRBs to one resource pool.
Proposal 1: For Rel-18 SL-U, it can be supported that one SL resource pool includes partial IRBs of one RB set. It can also be considered on how to map the IRBs of one RB set to different SL resource pools.2.1.2 Resource pool configuration with S-SSB slots exclusion
From Rel-14 LTE V2X to Rel-17 NR eSL, S-SSB sub-frames/slots are excluded from the SL resource pool to avoid interference between S-SSB and PSCCH/PSSCH. The legacy S-SSB slot design in Rel-16/17 is preferred to be reused in Rel-18 SL as well as the exclusion rule from the SL resource pool. If such exclusion rule is changed, e.g. SL resource pool can include S-SSB slots, it may need lots of effort on the specification work in Rel-18 SL, such as resource selection/reservation procedure and half-duplex issue. Even a new S-SSB slot structure may be selected from the 4 options as agreed in last meeting, the same exclusion rule in legacy should also be followed.
Proposal 2: Rel-16/Rel-17 NR SL S-SSB slots and new S-SSB slots (if supported) are excluded from SL resource pool.
2.1.3 Resource pool configuration with bitmap indication
The resource pool configuration in Rel-18 SL can also follow the design principle of resource pool configuration in Rel-16 NR V2X. A bitmap with length of 10~160 bits is used for each resource pool to indicate the time domain resources. By configuring different bitmaps, multiple resource pools can be TDM’ed with the granularity of slot. Some slots, such as slots indicated as 0 by bitmap, are excluded from this resource pool. Such semi-static resource pool indication causes physically discontinuous on slots, and then UEs of other RAT may be successful for their LBT on these slots outside a SL resource pool and the current SL COT may also be interrupted. To avoid such issue, a SL resource pool can be configured with a bitmap of all “1” without specification impact. Furthermore, multiple resource pools can be configured FDM’ed within the SL BWP. PSFCH resources can be configured with a periodicity, e.g., 0/1/2/4, within each resource pool.
Proposal 3: For Rel-18 SL-U, the legacy bitmap configuration of resource pool(s) can be followed to indicate time domain resources; both TDM’ed and FDM’ed RP are supported.2.2 Physical structure for SL-U
2.2.1 Interlaced RB based channel structure
In RAN1#110 meeting, the following agreements of IRB based PSCCH/PSSCH were achieved.
	Agreement
For PSCCH and PSSCH in SL-U:
· For interlace RB-based transmission
· [bookmark: _Hlk114729604][bookmark: _Hlk114729580]Frequency domain resource allocation granularity is one sub-channel for PSSCH transmission
· 1 sub-channel equals K interlace
· FFS: whether K is fixed as 1 or (pre-)configured
· Discuss whether one or both of the following alternatives are supported
· Alt 1: 1 sub-channel is confined within 1 RB set
· Alt 2: 1 sub-channel spans 1 or multiple RB set(s) belonging to a resource pool



In this section, we discuss the relationship between sub-channel and IRB.
· Minimal resource granularity of PSSCH transmission
The mapping of interlace to CRB is specified in NR-U. If UL BWP includes more than one RB set, an interlace is mapped to PRBs across all RB sets, i.e., the number of interlace is only determined by subcarrier spacing, not by number of RB sets. One illustration is shown in Figure 1. The UL BWP includes two RB sets and there is one intra-cell guard band configured between RB sets. The interlace is mapped from CRB 0. The CRB corresponds to intra-cell guard band is also mapped to interlace. The number of interlaces within the carrier is only determined by the SCS of the UL BWP, no matter how many RB sets are included within the UL BWP. The SCS of UL BWP is 30kHz so that the total number of interlaces is 5.



Figure 1. IRB structure in NR-U UL
In NR-U, when gNB schedules resource UL resource, two levels of resource indication are applied: one indication for allocated RB set and another indication for allocated interlace within the associated RB sets. Therefore, the resource granularity of NR-U is one interlace within one RB set. The same principle can be applied to SL-U, i.e., the resource granularity of SL-U is one interlace within one RB set. It was agreed that sub-channel is frequency domain resource allocation granularity. That means the minimal size of sub-channel corresponds to one interlace within one RB set. 
Observation 1: The resource allocation granularity of NR-U is one interlace within one RB set.
Proposal 4: 
· The resource allocation granularity of SL-U is one interlace within one RB set which is same as NR-U
· The minimal size of a sub-channel corresponds to one interlace within one RB set.
· One sub-channel includes more than 1 interlace
It was agreed one sub-channel equals to K interlaces. Whether K can be larger than 1 is FFS. In our view, we think K larger than 1 should be supported.
In NR SL, the number of PRB for PSCCH can be configured within the set {10,12,15,20,25} so that the coding rate of PSCCH can be flexible. If one sub-channel corresponds to only one interlace in SL-U and PSCCH resource is limited within one sub-channel, that will cause higher coding rate of PSCCH of SL-U compared to NR SL. For example, if SL SCS is 15kHz/30kHz and resource pool consists of one RB set, one interlace corresponds to 10 PRBs or 11 PRBs. The maximum frequency resource of PSCCH is 10 PRBs or 11 PRBs, which is much less than the available PRB of PSCCH in NR SL and will result in higher coding rate of PSCCH in SL-U. Therefore, it is beneficial to increase the available resource of PSCCH. One way is to support one sub-channel including more than one interlace. For example, K=2, which means one sub-channel equals 2 interlaces. The PSCCH can be mapped to the PRBs of 2 interlaces. Another potential way is to increase the number of OFDM symbols of PSCCH.  
Observation 2: If one sub-channel corresponds to one IRB, the available PRBs for PSCCH in SL-U is less than NR SL and will result in higher coding rate.
Proposal 5: 1 sub-channel equals K interlace and K is (pre-)configurable should be supported.
Proposal 6: More than 3 OFDM symbols configured for PSCCH transmission can be considered for SL-U.
· Mapping between sub-channel and interlace
The mapping between sub-channel and interlace needs to be discussed. Considering one sub-channel can include K interlaces and the minimal resource allocation granularity is one interlace within one RB set, the sub-channel index can be determined by the RB set index and interlace index within the associated RB set. 
One illustration is shown in Figure 2. In Figure 2, the SCS of SL-U is 30kHz, the number of interlaces is 5. The resource pool includes 2 RB sets and Guard Band (GB) is configured. Figure 2 (a) and (b) show the mapping between sub-channel and interlace for one sub-channel includes one and two interlaces respectively. For Figure 2 (a), one sub-channel includes one interlace, the total number of sub-channels of the resource pool is 10. Sub-channel 0-4 corresponds to interlace 0-4 of RB set 0 respectively, and sub-channel 5-9 corresponds to interlace 0-4 of RB set 1 respectively. For Figure 2 (b), one sub-channel includes two interlaces, then the total number of sub-channels of the resource pool is 5. Sub-channel 0 corresponds to interlace 0 and 1 of RB set 0; Sub-channel 1 corresponds to interlace 2 and 3 of RB set 0; Sub-channel 2 corresponds to interlace 4 of RB set 0 and interlace 0 of RB set 1; Sub-channel 3 corresponds to interlace 1 and 2 of RB set 1; Sub-channel 4 corresponds to interlace 3 and 4 of RB set 1. 
Proposal 7: Sub-channel index can be determined by RB set index and interlace index within the associated RB set.

 
(a) one sub-channel includes 1 interlace


(b) one sub-channel includes 2 interlaces
Figure 2. Mapping between Sub-channel and interlace
· Mapping between sub-channel and PRBs of GB
If PSSCH transmission resources cross multiple RB sets, the PRBs within GB can also be used for SL transmission. While how to map the PRBs of GB to sub-channel needs FFS. One potential solution is to allocate partial PRBs of GB to lower RB set, and the rest PRBs to upper RB set. For each PRB of GB, there is corresponding interlace index. The mapping between sub-channel and interlace can follow the mechanism as discussed above. One illustration is shown in Figure 3. The subcarrier spacing is 30kHz. The number of interlaces is 5. One sub-channel includes two interlaces There are 4 PRBs configured for GB. Half of the PRBs of the GB is allocated to RB set 0, and half to RB set 1. The corresponding interlace index of the 4 PRBs (PRB 26-PRB29) within the GB are index 1/2/3/4 respectively. The same mapping method between sub-channel and interlace as Figure 2 (b) is applied. Then the mapping between sub-channel and the PRBs within GB is shown in the figure. If PSSCH1 occupies sub-channel 0, which doesn’t cross multiple RB sets, the PRB 26 within GB cannot be used for PSSCH1 transmission. If PSSCH2 occupies sub-channel 1and sub-channel 2, which crosses two RB sets, then the PRB 27 within GB can be used for PSSCH2 transmission. 
Proposal 8: For the mapping between sub-channel and PRBs within GB:
· Partial PRBs of GB are allocated to lower RB set, partial PRBs of GB are allocated to upper RB set;
· Mapping the PRB within GB to sub-channel is determined by the PRB’s associated interlace index and RB set index.
· Only when frequency resource of PSSCH transmission cross multiple RB sets, the PRBs within GB can be used for PSSCH transmission, otherwise not.



Figure 3. Mapping between Sub-channel and PRBs of GB
· TB size determination
The TB size for initial transmission and re-transmissions should be kept same. In NR SL, which is based on sub-channel and contiguous PRB, the frequency resource size for different transmissions are same so that the TB size will not vary. While for SL-U, the frequency resource size for different transmissions can be different. For example, in Figure 2 (a), for PSSCH transmission, if the first transmission selects sub-channel 0 and second transmission select sub-channel 1, that will cause different number of PRBs and different TB size. 
Observation 3: For interlace RB based PSSCH transmission, the number of PRBs per sub-channel can be different which have impact on TB size determination.
How to guarantee same TB size for different transmissions in SL-U needs study. One candidate solution is to use the average number of PRBs per sub-channel to determine TB size. The average number of PRBs can be determined by total number of PRBs of the resource pool divided by the number of sub-channels.
Proposal 9: TB size of PSSCH can be determined based on average number of PRBs per sub-channel. 
2.2.2 Contiguous RB based channel structure
Contiguous RB is also supported in SL-U. In this case, legacy definition of sub-channel can be reused, such as one sub-channel includes N contiguous RBs. While in SL-U, one resource pool may include multiple RB sets, and there is GB configured between RB sets. The following issues to be discussed:
· The mapping between sub-channel and PRBs of RB set;
· The mapping between sub-channel and PRBs of GB;
· How to determine TB size if the size of sub-channel is not equal;
· Mapping between sub-channel and PRBs of RB set
In NR SL, the mapping of sub-channel starts from the first PRB of the resource pool and mapped sequentially within the resource pool according the sub-channel size. While in SL-U, a resource pool may include multiple RB sets. If we follow the same mapping principle as NR SL, that will cause some problem. One illustration is shown in Figure 4 (a). If PSSCH transmission occupies sub-channel 3 (or sub-channel 4), which does not cross multiple RB sets, the PRBs within GB cannot be used for transmission. Then the available PRBs of sub-channel 3 does not include the PRBs of GB which will result in higher coding rate and degrade performance. In some cases, if the number of remaining PRB of the sub-channel is less than the required number of PRBs of PSCCH, this sub-channel cannot be used for PSCCH/PSSCH transmission.



Figure 4

In NR SL, if the rest of PRBs of the resource pool is less than sub-channel size, these PRBs cannot be used for SL transmission for simplicity which will reduce the resource efficiency, as illustrated in Figure 4 (b). Some enhancement can be considered in SL-U. 
[bookmark: _Hlk114816627]We propose that the starting position of first sub-channel of one RB set is aligned with the first PRB of the RB set. The ending position of last sub-channel of one set is aligned with the last PRB of the RB set. If the number of PRBs of one RB set (does not include the PRBs of GB) cannot be divided by sub-channel size, the rest PRBs of the RB set are merged into the last sub-channel of the RB set, as shown in Figure 4 (c). 
Proposal 10: For contiguous RB based sub-channel:
· For each RB set, 
· The starting position of first sub-channel of the RB set is aligned with first PRB of the RB set, the ending position of the last sub-channel of the RB set is aligned with last PRB of the RB set.
· If the number of PRBs of one RB set cannot be divided by sub-channel size, the rest PRBs of the RB set are merged into the last sub-channel of the RB set.
· Mapping between sub-channel and PRBs of GB
To improve resource efficiency, the PRBs of GB can also be used for SL transmission if PSSCH resource cross multiple RB sets. The mapping between sub-channel and PRBs of GB needs to be discussed. One possible solution is to allocate partial PRBs of GB to lower RB set, and rest PRBs of GB to upper RB set. Furthermore, the PRBs of GB allocated to lower RB set are merged into last sub-channel of the lower RB set, and the PRBs of GB allocated to upper RB set are merged into first sub-channel of the upper RB set. One illustration is shown in Figure 4 (d). If PSSCH1 transmission occupies sub-channel 2 only, which does not cross multiple RB set, the number of PRBs of GB within sub-channel 2 cannot be used for PSSCH1 transmission. If PSSCH2 transmission occupies sub-channel 2 and sub-channel 3, which crosses multiple RB set, PRBs of GB can be used for PSSCH2 transmission. 
Proposal 11: For contiguous RB based sub-channel:
· Partial PRBs of GB are allocated to lower RB set, and these PRBs are merged into the last sub-channel of the lower RB set.
· Partial PRBs of GB are allocated to upper RB set, and these PRBs are merged into the first sub-channel of the upper RB set.
· Only when frequency resource of PSSCH transmission cross multiple RB sets, the PRBs within GB can be used for PSSCH transmission, otherwise not.
· TB size determination
From the above analysis, the number of PRBs per sub-channel maybe not equal. When determining the TB size of PSSCH, some enhancement needs to be considered. The following options can be considered.
· Option 1: the parameter sub-channel size configured per resource pool is used for TB size determination.
· Option 2: the average number of PRBs per sub-channel is used for TB size determination. The average number of PRBs per sub-channel can be determined by total number of PRBs of the resource pool and number of sub-channels of the resource pool.
Proposal 12: To determine the TB size in case of contiguous RB based sub-channel, the following options can be considered:
· Option 1: the parameter sub-channel size configured per resource pool is used for TB size determination.
· Option 2: the average number of PRBs per sub-channel is used for TB size determination. The average number of PRBs per sub-channel can be determined by total number of PRBs of the resource pool and number of sub-channels of the resource pool.
2.2.3 PSFCH structure
In RAN1#110 meeting, the following agreements for PSFCH structure were achieved.
	Agreement
Regarding PSFCH transmission, at least the followings alternatives can be further studied 
· Alt 1: each PSFCH transmission occupies a common interlace and zero or one or more dedicated PRB(s)
· Alt 2: each PSFCH transmission occupies an interlace, and may or may not further apply code domain enhancement (e.g., OCC, PRB-level cyclic shifts)
· Alt 3: each PSFCH transmission occupies some dedicated PRBs and some common PRBs
· FFS details of above alternatives



For Alt 2, it is same structure as PUCCH format 0 of NR-U to fulfil the OCB requirement. It can be taken as one candidate channel structure of PSFCH. 
Comparing between Alt 1 and Alt 3, we think Alt 3 is preferred. One illustration of Alt 1 and Alt 3 is shown in the Figure 5. For Alt 1, each PSFCH will use the common interlace and dedicated PRB for transmission. While if the dedicated PRB for PSFCH and one of PRBs of the common interlace is within 1MHz bandwidth, the transmission power will be shared between these 2 PRBs because of PSD limitation of regulation. That will result in less transmission power of PSFCH PRB and reduce the PSFCH coverage or degrade PSFCH performance. For Alt 3, there are common PRBs configured at edge of RB set which can fulfill OCB requirement, i.e., the gap between these 2 PRBs is larger than 80% bandwidth. Each PSFCH will use these two common PRBs and one dedicated PRB for transmission. With proper configuration, the dedicated PRB for PSFCH and common PRB will not be within 1MHz bandwidth, so that the PSFCH can use maximum power to transmit. That is provide better performance than Alt 1. Furthermore, Alt 3 is also applicable to other SL channels, such as PSCCH/PSSCH and S-SSB, which is discussed in section 2.2.5.
Observation 4: Alt 3 is preferred over Alt 1 for PSFCH transmission.
Proposal 13: Both Alt 2 and Alt 3 can be considered for PSFCH transmission.



Figure 5

Another agreement about how to determine PSFCH resource was achieved as followed.
	Agreement
If RAN1 decides that LBT is performed for PSFCH transmission, for the time and frequency domain locations of PSFCH resources, at least the followings alternatives can be further studied
· Alt 1: PSFCH resources are (pre-)configured
· Alt 2: PSFCH resources are dynamically indicated
· Combination of above alternatives are not precluded 
· FFS details of above alternatives



Alt 1 is legacy mechanism in NR SL. We think it should be supported. While there are some potential issues for Alt 2. 
· How to avoid PSFCH collision if PSFCH resource are dynamically indicated is not clear. SL is distributed system, there is no central coordination node in mode 2. If all UEs can dynamically indicate PSFCH resources, it is hardly to avoid PSFCH resource collision among UEs.
· It has impact on resource selection procedure. In legacy resource selection procedure, UE selects two adjacent resources and the gap between them is larger than z = a+b, which consider the preparation time for PSSCH retransmission and time gap between PSFCH and PSSCH. While if the resource of PSFCH is dynamically indicated, the gap between PSSCH and associated PSFCH is variable and may not be available during resource selection procedure. It is hardly for UE to select resource during resource selection procedure. 
· More specification work is needed. To dynamically indicate PSFCH resource, the PSFCH resource indication should be carried in SCI, not in MAC CE since PSSCH may not be decoded correctly. Therefore, we need to define new SCI format for PSFCH resource indication which will increase specification workload.
Based on the above analysis, we think Alt 1 should be supported in SL-U and Alt 2 can be excluded.
Proposal 14: If RAN1 decides that LBT is performed for PSFCH transmission, for the time and frequency domain locations of PSFCH resources, (pre-)configured PSFCH resource is supported. Dynamical indication PSFCH resource is not supported.
2.2.4 S-SSB structure
Several S-SSB structure for SL-U were proposed in RAN1#109-e meeting and it was agreed to down-select at least one of the following options [5]:
· Option 1: Using interlaced RB transmission
· Option 2: S-SSB multiplexing with other SL transmissions in the same slot
· Option 3: Repetition of S-PSS/S-SSS/PSBCH in frequency domain
· Option 4: S-PSS/S-SSS/PSBCH with wider bandwidth
We are open to Option 1, Option 3 and Option 4, while we think it is hardly to apply Option 2 in SL-U. In SL-U, lots of UE use same S-SSB resource. It is hardly for all of the UEs to obtain resource for PSCCH/PSSCH in the same S-SSB slot. Furthermore, it will have half-duplex issue. The UEs transmitting S-SSB cannot receive PSCCH/PSSCH in the same slot. Therefore, we think Option 2 should be excluded from candidate S-SSB structure.
Proposal 15: Option 2 should be excluded from candidate S-SSB structure.
· Option 2: S-SSB multiplexing with other SL transmissions in the same slot
4 symbols SSB structure was introduced in NR Uu and it was reused in NR-U without any enhancement to fulfill OCB and PSD requirement. That is because in NR-U, SSB is transmitted by gNB and gNB can guarantee the occupied channel bandwidth of DL transmission (including SSB) is larger than 80% channel bandwidth. For example, gNB can schedule PDSCH, PDCCH or reference signal in the same slot/symbol as SSB. 
S-SSB structure for SL is slot based even from the first release of D2D. That is because AGC and GP is specific issue in SL and needs to be considered in S-SSB design. Even if we reuse 4 symbols SSB structure in SL-U, one additional OFDM symbol for AGC and GP respectively are needed. Therefore, in our view, the motivation to introduce 4 symbols S-SSB in SL-U is not clear. 
Proposal 16: 4 symbols S-SSB is not supported in SL-U.
Another open issue is whether the temporary exemption of OCB requirement is applicable for S-SSB transmission. According the regulation [3], there are some limitations for OCB requirement exemption. 
“During a Channel Occupancy Time (COT), equipment may operate temporarily with an Occupied Channel Bandwidth
of less than 80 % of its Nominal Channel Bandwidth with a minimum of 2 MHz.”
According the regulation, the limitations for OCB requirement exemption includes: 1) the transmission bandwidth is at least 2MHz; 2) within a COT.
Observation 5:  Temporary exemption of OCB requirement is applicable within COT sharing and the bandwidth of the transmission is at least 2 MHz.
For legacy S-SSB, it occupies 11 PRBs which is less than 2MHz. If temporary exemption of OCB requirement is applicable for S-SSB in case the S-SSB is within COT, some enhancements (Enh 1) are needed to expand the S-SSB transmission bandwidth to more than 2MHz.  While in case the S-SSB transmission is out of the shared COT, the exemption is not applicable, and some enhancements (Enh 2) of S-SSB to fulfil the OCB requirement needs to be studied. Whether S-SSB transmission is within COT cannot be guaranteed, then the Enh 2 is needed anyway. We don’t think it is preferred to further consider Enh 1 to support OCB requirement exemption in addition to Enh 2. Therefore, we suggest not to apply exemption of OCB requirement to S-SSB transmission.
Observation 6: If temporary exemption of OCB requirement is applied to S-SSB transmission, one enhancement of S-SSB structure is needed to make sure its transmission is wider than 2MHz, and another enhancement of S-SSB is needed so that it can fulfil the OCB requirement in case of out of shared COT.
Proposal 17: Temporary exemption of OCB requirement is NOT applicable for S-SSB transmission.
In NR-U, to resolve the issue of potential LBT failure for SSB transmission, more SSB transmission occasions are configured. This mechanism can be applied to SL-U. While if short control signaling transmission (SCSt) mechanism can be applied to S-SSB [4], there is no necessary to introduce more S-SSB transmission occasions, which will simplify the system design and reduce specification work.
Proposal 18: whether to introduce more transmission occasions for S-SSB in SL-U depends on whether SCSt mechanism can be applied to S-SSB.
2.2.5 Channel structure for 60kHz SCS
In NR-U, interlaced RB based channel structure is only supported for 15kHz and 30kHz SCS, while not for 60kHz SCS. 60kHz SCS is also within the scope of SL-U. Some mechanism needs to be studied to fulfill the OCB requirement. 
During the discussion of PSFCH structure, the following 3 options are discussed.
	Agreement
Regarding PSFCH transmission, at least the followings alternatives can be further studied 
· Alt 1: each PSFCH transmission occupies a common interlace and zero or one or more dedicated PRB(s)
· Alt 2: each PSFCH transmission occupies an interlace, and may or may not further apply code domain enhancement (e.g., OCC, PRB-level cyclic shifts)
· Alt 3: each PSFCH transmission occupies some dedicated PRBs and some common PRBs
· FFS details of above alternatives



Among the above three options, both Alt 1 and Alt 2 are interlace-based structure, which are not applicable for 60kHz SCS. We think the principle of Alt 3 can be used for 60kHz SCS, and it can be used for both PSCCH/PSSCH and PSFCH. 
For Alt 3, common PRBs are configured at edge of RB set, and the gap between the PRBs is larger than 80% bandwidth of the RB set which can fulfill the OCB requirement. Legacy configuration of sub-channel for PSCCH/PSSCH transmission, and legacy configuration of PSFCH resources can be reused. And the resource mapping between PSFCH and associated PSSCH can be reused. One illustration of this channel structure is shown in Figure 6. 
For PSSCH/PSCCH transmission: every PSSCH will use these two common PRBs and selected sub-channels for transmission. For PSFCH transmission: every PSFCH will use these two common PRBs and dedicated PRB for transmission. For example, if TX UE selects sub-channel 0 in slot 0 for PSSCH 1 transmission, TX UE will use 2 common PRBs at edge of RB set and the selected sub-channel 0 (green block) to transmit PSSCH 1. RX UE will determine the PRB (green block) for PSFCH transmission associated to PSSCH 1 in slot 3. RX UE will use 2 common PRB at edge of RB set and the selected PRB to transmit PSFCH. 
Furthermore, the similar channel structure can also be applied for other SL channels, such as S-SSB.
The channel structure based on Alt 3 has the following advantages:
· Common PRBs at RB set edge can fulfil OCB requirement.
· The similar structure is applicable to all SL channels. 
· For PSCCH/PSSCH:
· Legacy contiguous RB based sub-channel structure can be reused for PSCCH/PSSCH transmission.
· Legacy resource selection/reservation/indication mechanism can be reused as much as possible. 
· For PSFCH:
· Legacy PRB based PSFCH transmission can be reused.
· Legacy resource mapping between PSFCH and associated PSSCH can be reused.




Figure 6: Illustration of common PRB + dedicated PRB/sub-channel structure

Proposal 19: For SL-U with 60kHz SCS, the following structure can be supported:
· 2 common PRBs are configured at edge of RB set respectively and the gap between these 2 common PRBs is larger than 80% bandwidth
· For PSSCH/PSCCH: each PSSCH/PSCCH transmission occupies some contiguous PRB based sub-channels and the common PRBs;
· For PSFCH: each PSFCH transmission occupies dedicated PRB and the common PRBs;
2.2.6 Multiple starting positions within a slot for PSCCH/PSSCH transmission
It was agreed to support slot-based PSCCH/PSSCH transmission in last RAN1 meeting. To increase the channel access opportunity of SL-U, more starting symbols/positions within a slot was proposed. Multiple starting positions within a slot is benefit for channel access, while that will complex the system design in the following aspects.
· Hardly to support FDM among different UEs.
Different UE may have different sensing results during channel access procedure so that they will use different starting position to perform SL transmission. It is hardly for them to be FDMed since that will cause AGC issue at receiver side.
· Increase the complexity of UE
From the RX UE’s side, when the TX UE performs SL transmission is not known. RX UE needs to perform blind detection at any candidate starting positions. That will increase detection complexity at RX UE. From the TX UE’s side, whether and when it will perform LBT successfully is not known. Then the TX UE should perform channel coding and rate matching for any candidate starting position. That will increase processing complexity and need more buffer at TX UE. 
· TBS is different for multiple starting positions
The TBS is determined by available resource and MCS. If multiple staring position is supported, that will cause different available resources and corresponding different TBS for PSSCH transmission. The TX UE needs to perform multiple times of channel coding for different TBS. 
Observation 7: Introduce multiple starting position in SL-U will complex the system design,
Proposal 20: Multiple starting position is not supported in SL-U.
2.3 PHY procedures
2.3.1 Effects of LBT failure 
To avoid collision with other RAT operating on the same unlicensed spectrum, UE has to perform a LBT procedure to ensure the channel is clear before any sidelink transmission. In the event of LBT failure, it will cause the UE to drop the sidelink transmission in SL-U. 
The dropping of PSCCH/PSSCH will degrade the reliability and latency of sidelink transmission. Furthermore, if UE is operating in Mode 2 resource allocation, the dropping of PSCCH may also lead to more intra-RAT collision due to re-selection of new resources. The reason is that mode 2 resource allocation mainly relies on resource reservation for (re-)transmissions of same TB or different TB, if resource reservation information carried in PSCCH is missing, other UE cannot preclude the resource and collision will happen in then end. More specifically, in R-17 a PSCCH can reserve up to 2 resources for the retransmissions of the same TB and also corresponding resources in the next period for another TB, if the PSCCH is missing due to LBT failure, all the resource resources would be deemed usable by other UEs.
PSFCH dropping due to LBT failure may cause unnecessary re-transmissions of PSCCH/PSSCH from the data Tx-UE and bring down resource efficiency of the system. But as analyzed in our companion contribution [4], PSFCH is possible to be transmitted as Short Control Signaling (SCSt) in most cases, that is PSFCH can be transmitted even though LBT is failure or LBT is not performed, thanks to the low coding rate (1/12), PSFCH may be decodable even there is collision with other RAT, this scheme can mitigate the impact of LBT failure to some extent. Therefore, the decision to introduce additional PSFCH transmission occasion(s) and/or new PSFCH format to mitigate the effect of LBT failure should be firstly based on the design or choice of channel access scheme for PSFCH and secondly based on the performance gain from working on complicated enhancements for PSFCH. It is foreseen the procedure for SL-HARQ feedback will need to be changed on both sidelink and uplink feedback, and new PHY design for the new PSFCH format and possible a new PUCCH format.
In NR sidelink, S-SSB is transmitted by multiple UEs in SFN manner. S-SSB dropping at one UE due to LBT failure may degrade the overall power of the S-SSB. But since the S-SSB could also be transmitted as SCSt and others UEs that gain access to the unlicensed channel successfully can still transmit the S-SSB, therefore, whether LBT failure for some particular UEs will impact synchronization of SL-U system should be further studied. 
Proposal 21: Further study the impact of PSCCH/PSSCH/PSFCH and S-SSB dropping caused by LBT failure to SL-U system.
2.3.2 Congestion control 
Congestion control of radio transmission medium based on CBR and CR measurements to determine SL transmission parameters (such as Tx power, MCS selection, number of sub-channels, etc) was introduced since Rel-14 LTE-V2X and also in Rel-16/17 NR sidelink for advanced V2X services. The primary purpose of supporting congestion control in sidelink communication is to not overload V2X system resources by UE adjusting the amount of required radio resources and Tx power (hence the communication range) such that more users can be accommodated, for example in a heavy traffic environment in a peak hour traffic. This concept was originated / taken from the IEEE DSRC system designed for V2X, recommended by ETSI regulation and subsequently adopted in LTE- and NR-V2X communication.
For our intended sidelink communication in the unlicensed spectrum, the main target use case is for commercial application such as smart home/office network, wearable connections, IoT devices and etc. It is not yet clear whether the congestion control feature is still required or good to have for SL-U operation, since the unlicensed channel could be also occupied by transmission of other RATs (e.g., Wi-Fi). Furthermore, it is also unclear if other RATs transmission supports congestion control such that the unlicensed spectrum is shared in a fair manner. On the other hand, if SL-U system is deployed in a controlled environment without the presence of other RATs (e.g., smart warehouse/factory, private venues or others), the congestion control feature could still be useful.
If congestion control continues to be supported in SL-U, the next step is to consider whether it is appropriate to reuse the existing CBR and CR definitions. In the past, it has been always assumed only sidelink transmission is present in the radio channel / resource pool in the ITS frequency band/carrier, and as such CBR calculation results are always a measure of how much resources that are occupied by sidelink transmission over a time interval based on RSSI measurement. If the same CBR definition is applied in SL-U, as shown in Fig. 7, Wi-Fi signals and channels (and other RATs as well) will be also included as part of the RSSI measurement. If the signal/channel transmission other than sidelink should not be included as part of the CBR measurement, then the current definition should be updated and a mechanism should be introduced to in order for sidelink UE to distinguish between sidelink and non-sidelink transmissions in the unlicensed channel. 
[image: ]
Figure 7
Observation 8: If the same existing CBR definition is applied in SL-U, Wi-Fi signals and channels (and other RATs as well) will be also included as part of the RSSI measurement. If other RAT’s transmissions should not be included as part of the CBR measurement, then the current definition should be updated and a mechanism should be introduced to in order for sidelink UE to distinguish between sidelink and non-sidelink transmissions in the unlicensed channel.
3. Conclusion
Physical layer design of SL-U was discussed in this paper. The following observations and proposals are given to summarize our view.
Proposal 1: For Rel-18 SL-U, it can be supported that one SL resource pool includes partial IRBs of one RB set. It can also be considered on how to map the IRBs of one RB set to different SL resource pools.
Proposal 2: Rel-16/Rel-17 NR SL S-SSB slots and new S-SSB slots (if supported) are excluded from SL resource pool.
Proposal 3: For Rel-18 SL-U, the legacy bitmap configuration of resource pool(s) can be followed to indicate time domain resources; both TDM’ed and FDM’ed RP are supported.
Observation 1: The resource allocation granularity of NR-U is one interlace within one RB set.
Proposal 4:
· The resource allocation granularity of SL-U is one interlace within one RB set which is same as NR-U
· The minimal size of a sub-channel corresponds to one interlace within one RB set.
Observation 2: If one sub-channel corresponds to one IRB, the available PRBs for PSCCH in SL-U is less than NR SL and will result in higher coding rate.
Proposal 5: 1 sub-channel equals K interlace and K is (pre-)configurable should be supported.
Proposal 6: More than 3 OFDM symbols configured for PSCCH transmission can be considered for SL-U.
Proposal 7: Sub-channel index can be determined by RB set index and interlace index within the associated RB set.
Proposal 8: For the mapping between sub-channel and PRBs within GB:
· Partial PRBs of GB are allocated to lower RB set, partial PRBs of GB are allocated to upper RB set;
· Mapping the PRB within GB to sub-channel is determined by the PRB’s associated interlace index and RB set index.
· Only when frequency resource of PSSCH transmission cross multiple RB sets, the PRBs within GB can be used for PSSCH transmission, otherwise not.
Observation 3: For interlace RB based PSSCH transmission, the number of PRBs per sub-channel can be different which have impact on TB size determination.
Proposal 9: TB size of PSSCH can be determined based on average number of PRBs per sub-channel. 
Proposal 10: For contiguous RB based sub-channel:
· For each RB set, 
· The starting position of first sub-channel of the RB set is aligned with first PRB of the RB set, the ending position of the last sub-channel of the RB set is aligned with last PRB of the RB set.
· If the number of PRBs of one RB set cannot be divided by sub-channel size, the rest PRBs of the RB set are merged into the last sub-channel of the RB set.
Proposal 11: For contiguous RB based sub-channel:
· Partial PRBs of GB are allocated to lower RB set, and these PRBs are merged into the last sub-channel of the lower RB set.
· Partial PRBs of GB are allocated to upper RB set, and these PRBs are merged into the first sub-channel of the upper RB set.
· Only when frequency resource of PSSCH transmission cross multiple RB sets, the PRBs within GB can be used for PSSCH transmission, otherwise not.
Proposal 12: To determine the TB size in case of contiguous RB based sub-channel, the following options can be considered:
· Option 1: the parameter sub-channel size configured per resource pool is used for TB size determination.
· Option 2: the average number of PRBs per sub-channel is used for TB size determination. The average number of PRBs per sub-channel can be determined by total number of PRBs of the resource pool and number of sub-channels of the resource pool.
Observation 4: Alt 3 is preferred over Alt 1 for PSFCH transmission.
Proposal 13: Both Alt 2 and Alt 3 can be considered for PSFCH transmission.
Proposal 14: If RAN1 decides that LBT is performed for PSFCH transmission, for the time and frequency domain locations of PSFCH resources, (pre-)configured PSFCH resource is supported. Dynamical indication PSFCH resource is not supported.
Proposal 15: Option 2 should be excluded from candidate S-SSB structure.
· Option 2: S-SSB multiplexing with other SL transmissions in the same slot
Proposal 16: 4 symbols S-SSB is not supported in SL-U.
Observation 5:  Temporary exemption of OCB requirement is applicable within COT sharing and the bandwidth of the transmission is at least 2 MHz.
Observation 6: If temporary exemption of OCB requirement is applied to S-SSB transmission, one enhancement of S-SSB structure is needed to make sure its transmission is wider than 2MHz, and another enhancement of S-SSB is needed so that it can fulfil the OCB requirement in case of out of shared COT.
Proposal 17: Temporary exemption of OCB requirement is NOT applicable for S-SSB transmission.
Proposal 18: whether to introduce more transmission occasions for S-SSB in SL-U depends on whether SCSt mechanism can be applied to S-SSB.
Proposal 19: For SL-U with 60kHz SCS, the following structure can be supported:
· 2 common PRBs are configured at edge of RB set respectively and the gap between these 2 common PRBs is larger than 80% bandwidth
· For PSSCH/PSCCH: each PSSCH/PSCCH transmission occupies some contiguous PRB based sub-channels and the common PRBs;
· For PSFCH: each PSFCH transmission occupies dedicated PRB and the common PRBs;
Observation 7: Introduce multiple starting position in SL-U will complex the system design,
Proposal 20: Multiple starting position is not supported in SL-U.
Proposal 21: Further study the impact of PSCCH/PSSCH/PSFCH and S-SSB dropping caused by LBT failure to SL-U system.
Observation 8: If the same existing CBR definition is applied in SL-U, Wi-Fi signals and channels (and other RATs as well) will be also included as part of the RSSI measurement. If other RAT’s transmissions should not be included as part of the CBR measurement, then the current definition should be updated and a mechanism should be introduced to in order for sidelink UE to distinguish between sidelink and non-sidelink transmissions in the unlicensed channel.
4. References
[1] RP-221938, “WID revision: NR sidelink evolution”, RAN #97-e
[2] RAN1 Chairman’s Notes, RAN1 #110
[3] ETSI EN 301 893 V2.1.1, “5 GHz RLAN; Harmonized Standard covering the essential requirements of article 3.2 of Directive 2014/53/EU”
[4] R1-2208822, “On channel access mechanism and resource allocation for SL-U”, OPPO
[5] RAN1 Chairman’s Notes, RAN1 #109-e


image2.emf
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49

0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4

CRB index

 IRB index

Guard band

50 51

0 1

52 53 54 55

RB set 0

RB set 1

Sub-channel 0 Sub-channel 1 Sub-channel 5 Sub-channel 6


Microsoft_Visio_Drawing1.vsdx
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
CRB index
IRB index
Guard band
50
51
0
1
52
53


54
55


RB set 0
RB set 1
RP
Sub-channel 0
Sub-channel 1
Sub-channel 5
Sub-channel 6



image3.emf
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49

0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4

CRB index

 IRB index

Guard band

50 51

0 1

52 53 54 55

RB set 0

RB set 1

Sub-channel 0 Sub-channel 2 Sub-channel 4 Sub-channel 3 Sub-channel 1


Microsoft_Visio_Drawing2.vsdx
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
CRB index
IRB index
Guard band
50
51
0
1
52
53


54
55


RB set 0
RB set 1
RP
Sub-channel 0
Sub-channel 2
Sub-channel 4
Sub-channel 3
Sub-channel 1



image4.emf
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49

0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4

CRB index

 IRB index

Guard band

50 51

0 1

52 53 54 55

RB set 0

RB set 1

Sub-channel 0 Sub-channel 2 Sub-channel 4 Sub-channel 3 Sub-channel 1


Microsoft_Visio_Drawing3.vsdx
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
CRB index
IRB index
Guard band
50
51
0
1
52
53


54
55


RB set 0
RB set 1
RP
Sub-channel 0
Sub-channel 2
Sub-channel 4
Sub-channel 3
Sub-channel 1



image5.emf
RB set 0

RB set 1

Guard Band

Sub-channel 0

Sub-channel 1 Sub-channel 2 Sub-channel 3 Sub-channel 4 Sub-channel 5 Sub-channel 6

Sub-channel 7

Resource pool

RB set 0

RB set 1

Guard Band

rest PRBs

rest PRBs

RB set 0

RB set 1

Guard Band

Sub-channel 0

Sub-channel 1 Sub-channel 2 Sub-channel 3

Sub-channel 4

Sub-channel 5

Sub-channel 0

Sub-channel 1 Sub-channel 2 Sub-channel 3

Sub-channel 4

Sub-channel 5

(a)

(b)

(c)

RB set 0

RB set 1

Guard Band

Sub-channel 0

Sub-channel 1 Sub-channel 2 Sub-channel 3

Sub-channel 4

Sub-channel 5

(d)


Microsoft_Visio_Drawing4.vsdx








RB set 0
RB set 1
Guard Band

Sub-channel 0
Sub-channel 1
Sub-channel 2
Sub-channel 3
Sub-channel 4
Sub-channel 5
Sub-channel 6
Sub-channel 7
Resource pool








RB set 0
RB set 1
Guard Band

rest PRBs
rest PRBs






RB set 0
RB set 1
Guard Band

Sub-channel 0
Sub-channel 1
Sub-channel 2
Sub-channel 3
Sub-channel 4
Sub-channel 5
Sub-channel 0
Sub-channel 1
Sub-channel 2
Sub-channel 3
Sub-channel 4
Sub-channel 5


(a)
(b)
(c)






RB set 0
RB set 1
Guard Band

Sub-channel 0
Sub-channel 1
Sub-channel 2
Sub-channel 3
Sub-channel 4
Sub-channel 5
(d)




image6.emf
Common PRB Common interlace

Dedicated PRB 

for PSFCH

(b) Alt 3

f

(a) Alt 1


Microsoft_Visio_Drawing5.vsdx




























Common PRB
Common interlace
Dedicated PRB for PSFCH
(b) Alt 3
f

























(a) Alt 1



image7.emf
Slot 0 Slot 1 Slot 2 Slot 3 Slot 4 Slot 5

PSSCH 1

PSSCH 2

Slot 6

Slot 7

Dedicated PRB 

for PSFCH

Common PRB

Common PRB

RB set

Sub

-

channel 0

Sub

-

channel 1


Microsoft_Visio_Drawing6.vsdx












Slot 0
Slot 1
Slot 2
Slot 3
Slot 4
Slot 5












PSSCH 1




















PSSCH 2


Slot 6
Slot 7
Dedicated PRB for PSFCH
Common PRB
Common PRB
RB set
Sub-channel 0
Sub-channel 1



















image8.png
CBR meas window





image1.emf
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49

0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4

CRB index

IRB index

Guard band

50 51

0 1

52 53 54 55

RB set 0

RB set 1


Microsoft_Visio_Drawing.vsdx
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4
CRB index
IRB index
Guard band
50
51
0
1
52
53


54
55


RB set 0
RB set 1
UL BWP



